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© Nucleic acid amplification and detection methods using rapid polymerase chain reaction cycle. 

© Nucleic acids can be amplified and detected using a very rapid polymerase chain reaction procedure This 
procedure mcludes a senes of steps which have critically defined temperature and time parameters 'Each 

ZS!!^ 96nera,ly leSS th8n ^ minutes ' and ln most cases ^an 90 

seconds. At least 5 units/100 ui of solution of thermostable DNA polymerase are used, and other preferred levels 

of primer concentrations facilitate the quick cycling In the amplification. In preferred embodiments, only two 
temperatures are used in the amplification. y 
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This invention relates to very rapid amplification and detection methods to detect nucleic acids using 
polymerase chain reaction. 

Nucleic acid probe technology has developed rapidly in recent years as researchers have discovered 
its value for detection of various diseases, organisms or genetic features which are present in small 

5 quantities in a human or animal test sample. The use of probes is based upon the concept of complemen- 
tarity. DNA has two strands bound together by hydrogen bonds between complementary nucleotides (which 
are also known as nucleotide pairs). 

The DNA complex is normally stable, but the strands can be separated (or denatured) by conditions 
which disrupt the hydrogen bonding. The released single strands will reassociate only with another strand 

10 having a complementary sequence of nucleotides. This hybridization process can occur with txrth strands 
being in solution or with one of the strands being attached to a solid substrate. 

A targeted nucleic acid sequence in an organism or cell may be only a very small portion of the entire 
DNA molecule so that it is very difficult to detect its presence using most labeled DNA probes. Much 
research has been carried out to find ways to detect only a few molecules of a targeted nucleic acid. 

15 A significant advance in the art is described in US-A-4,683.195, US-A-4,683,202 and US-A-4,965.188. 
Without going into extensive detail, these patents describe amplification and detection methods wherein 
primers are hybridized to the strands of a targeted nucleic acid (considered the templates) in the presence 
of a nucleotide polymerization agent (such as a DNA polymerase) and deoxyribonucleoside triphosphates. 
Under specified conditions, the result is the formation of primer extension products as nucleotides are 

20 added along the templates from the 3'-end of the primers. These products are then denatured and used as 
templates for more of the same primers in another extension reaction. When this cycle of denaturation, 
hybridization and primer extension is carried out a number of times (for example 25 to 30 cycles), the 
process which is known as "polymerase chain reaction" exponentially increases the original amount of 
targeted nucleic acid so that it is readily detected. 

25 Once the targeted nucleic acid has been sufficiently amplified (that is, many times more copies of the 
molecule have been made), various detection procedures can be used to detect it. The patents noted 
above, for example, describe the use of insolubilized or detectably labeled probes and gel electrophoresis 
as representative detection methods. 

In US-A-4,965,188, the cycle for amplification is generally described as follows: 

30 a) denaturation at a temperature in the range of 90 to 105* C (preferably 90 to 100'C) for 0.5 to 5 
minutes (preferably 0.5 to 3 minutes), 

b) hybridization of primer to template at a temperature in the range of 35 to 65 * C (preferably 37 to 
60 *C) for 0.5 to 5 minutes (preferably 1 to 3 minutes), and 

c) formation of primer extension products at a temperature in the range of 40 to 80 • (preferably 50 to 
as 75* C) for 0.5 to 40 minutes (preferably 1 to 3 minutes). 

Thus, a wide range of times and temperatures are generally described with the specific combination of 
time and temperature largely dependent upon the type of DNA polymerase used, the complexity of the 
mixture of nucleic acids including the targeted nucleic acid, the length and specificity of the primers, the 
length of the targeted nucleic acid, pH and several other reaction conditions and components. There is no 

40 mention, however, of the time needed to change from one temperature to another, a factor which is largely 
dependent upon the type of heat transfer equipment used in the process. Thus, considerable effort must be 
carried out to find the optimum conditions for effective amplification and detection of a given nucleic acid. 

One typical amplification cycle in Example II of US-A-4,965,188 requires 5.5 minutes for a single cycle 
of the following steps: 

45 a) heating the reaction mixture from 37 to 95 * C over three minutes, 

b) denaturation of double strands at 95* C for 0.5 minutes, 

c) cooling to 37* C over 1 minute, and 

d) hybridization of primers to template and primer extension product formation at 37* C for 1 minute. 
Another typical amplification cycle is described in Example VII of US-A-4,965,188, also requires 5.5 

so minutes and includes the steps: 

a) heating the reaction mixture from 70 to 98* C over 1 minute, 

b) denaturing of double strands at 98* C for 1 minute, 

c) cooling to either 38, 45 or 55 *C over 1 minute, 

d) hybridizing primers and template at 38, 45 or 55 *C for 1 minute, 
55 e) heating from 38, 45 or 55 * C to 70 * C over 1 minute, and 

f) forming primer extension products at 70* C for 0.5 minute. 

Since the discovery of the amplification and detection methods using polymerase chain reaction, there 
has been steady effort to find ways to carry out cycling in a rapid manner. A number of publications have 
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s polymerase chain reaction cycle In from ^T^n^m^^ 6 "1** USW to ^ • 
(noted above). While Jt may seem that* 3 to 72, ^ the exam P ,e s shown in US-A-4.965 188 
amplification generally requteTS to 3? cydes to 7et e?^ " V? * °" e ""^ *at efficim 
amplification method could require 75 to m^utes * ° '* 8C,d d9 ^ bte - 8 ^ standard 
More recently. Cetus Corporation and Perldn-Fim a , i.. 
ro 9600>wh,ch aliows the use «?^&£^j£E££ 8 the "™*<*» <POR System Mode. 
Others have worked to find av«n fa<J, J ■ amplification procedure. 

example In EP-A-0 402.994 a/id EP-A-0 402 em " ck * *■* ^"H"™™ Is <tescribed to, 

Biochem.. 186(2), pp. 328-331, May 1. 1990) Z£S?£, u~ J h7T. P * VHbm 3nd 0there 
mixtures Cycles lasting 30. 60. 120 and 180 sewnd^ l j? it ll ^Jl *" heat with reaction" 

(as described for the 30 second cycle with lon^tinLt^tZ* ** t S,eps in each <** 

a) denaturation of double strands at 9C-92- C foM to P ^ P roport,onate, y lo «9°' steps): 
o b) cooling to 50 to 55 • C over 6 to 9 seconds. 

c hybridization at 50 to 55 • C for 1 to 2 seconds 

d heating to 71 to 73'C over 3 to 5 seconds, and 

e) forming pnmer extension products for 5 to 10 seconds 

parteutar equipment described by ^L^^S^^T^T*, ™» 
•ncluding the difficulty in loading samples and reagen s Into JL^!n 2 disadva "*«0es. however, 

of those tubes (suitable for laboratory m*££TJS? *Z n T ' d ^ eter ^«"y tubes, the fragility 
sealing the tubes with a flame (not practical™ ^ftZ EL V "Ll Sh V °' Ume c,inlcal environment! 
contagion in removing the products of mE^tElE!? V"* dan 9* r of contamination and 
heat transfer when air is the transfer meanHn s^mT ZSE£ ^ 1 n0t to contro ' the 

»«a^^^ ampliation press which mo^ns the 

analytical result. It is also desired to Z^ESiE^E^Z ** *" ,0r 0bteinin 9 a " 

a.r transfer technology. Moreover, it is dB^^EEZEZ?™ * me,hods us,n 9 h °t 

process which is not dependent upon the particular type eZlT , """J* am P ,iflca «°" and detection 

The problems noted with known methods maZE? *! " ^P™ 1 * * used, 
acid comprising the steps of: ^ ° VerCOme wth a meth <* for the amplification of a nucleic 

A. heating a targeted double-stranded nucleic add »t « « . . 

to 40 seconds to denature the ^!E?EEl£* temperatUre * from * to 100'C for from 1 

B. cooling the denatured strands to a second temM ,°. 

C. In the presence of. ^ temDerature over a time period of from 5 to 20 seconds. 
1) a thermostable DNA DolvmerasA nraoo«* r~ 

temperatures being from 5 to 35 • C ' d th ° d,fferenc e (^T) between the first and third 

E. repeating steps B through D SS£T2 a ^! l ^ t re l f0r , fr ° m 1 to 40 seconds, and 
through O is carried out within up to 120 seconds ° nC<> WhSrein each Cvc,e of 

steps B 

5t«ps A through E ^ ^ ^ m „ ^ at least one of ths ,.,,0^ 
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(a) the difference (ATi ) between the first and second temperatures being from 5 to 45 * C, and 

(b) the concentration of each of the primers being at least 0.075 umolar, 

provided that when steps A through E are carried out using only condition (a). thMme for each 
cycle of Steps B through D is at least 60 seconds, 
s The present invention also provides a method for the amplification and detection of 'a nucleic acid 

comprising steps A-E and the conditions as identified above taken in addition with the following step F: 
F, detecting at least one denatured strand of the nucleic acid. 

The method of this invention provides a very rapid and efficient polymerase chain reaction procedure 
for amplifying and detecting nucleic acids which are present in extremely low concentrations in test 
to samples. Because the method Is rapid, an assay result can be obtained in shorter time for early diagnosis, 
or more cycles can be run in order to further increase the number of copies of the targeted nucleic acid. 
With shorter cycles, less nonspecific (or undeslred) nucleic acids are amplified. Thus, less of the undesired 

nucleic acids are detected. 

The method of this invention is advantageous because it is readily adaptable to automated procedures 
75 which can be used in high volume diagnostic environments (tor example, hospitals, clinical laboratories and 
doctors 1 offices). The impractical features of the hot air PCR procedures of Wittwer and others are avoided. 
Each cycle of the PCR method of this invention is extremely rapid (that is 120 seconds or less), yet it is not 
dependent upon a particular means of heat transfer or specific heat transfer equipment. 

These advantages are possible because of a combination of critical features, namely the use of 
20 relatively high concentrations of the thermostable DNA polymerase, a temperature for DNA polymerization 
which is related to the T m of the denatured strands and the primers with one or both of two other conditions: 
(a) having the difference between the denaturation and hybridization temperatures being within a certain 
range, or (b) having the concentration of primers at or above 0.075 umolar. with the proviso that if only 
condition (a) is used, the cycle time is at least 60 seconds. In preferred embodiments, the method is even 
25 faster by using only two temperatures in the cycling instead of the usual three temperatures. 

Advantageously, this invention is carried out using certain proprietary containment pouches and cycling 
equipment, namely those described In EP-A-0 381.501. EP-A-0 402,994 and EP-A-0 402,995, but the 
practice of this invention is not limited to them. 

The general principles and conditions for amplification and detection of nucleic acids using polymerase 
30 chain reaction are quite well known, the details of which are provided in numerous references Including US- 
A-4 683.1 95. US-A-4,683,202 and US-A-4,965.188 and C1in.Microbiol.Rev, . 2(2), pp. 217-226 (1989). 

'The present invention is directed to the amplification or detection of one or more specific nucleic acid 
sequences present in one or more targeted nucleic acids in a test specimen. Such specimens can include 
cellular or viral material, hair, body fluids or other materials containing genetic DNA or RNA which can be 
35 detected. While the primary purpose of detection is diagnostic in nature, the invention can also be used to 
improve the efficiency of cloning DNA or messenger RNA, or for obtaining large amounts of the desired 
sequence from a mixture of nucleic acids resulting from chemical synthesis. 

The present Invention is especially useful for producing, in exponential quantities relative to the number 
of reaction steps involved, at least one specific nucleic acid sequence. The product will be a discrete 
40 nucleic acid duplex with termini corresponding to the ends of the specific primers employed. Any source of 
nucleic acid, purified or not. can be utilized as the starting material if it is known to or suspected of 
containing the specific nucleic acid sequence targeted for detection. A mixture of nucleic acids can be 
employed if desired. 

Nucleic acids to be detected can be obtained from various sources including plasmids, naturally 
45 occurring DNA or RNA from any source (such as bacteria, yeast, viruses, plants and higher animals, 
humans). It may be extracted from various tissues including blood, peripheral blood mononuclear cells 
(PBMC). tissue material or other sources known in the art using known procedures. The present invention is 
particularly useful for the amplification and detection of nucleic acid sequences found in genomic DNA, 
bacterial DNA, fungal DNA, viral RNA. or DNA or RNA found in bacterial or viral infected cells, 
so The method described herein can be used to provide the detection or characterization of specific 
nucleic acid sequences associated with infectious diseases, genetic disorders or cellular disorders such as 
cancers. It may also be used in forensic investigations and DNA typing. For purposes of this Invention, 
genetic diseases include specific deletions or mutations in genomic DNA from any organism. 

The term "primer" refers to an oligonucleotide, whether naturally occurring or synthetically produced, 
65 which is capable of acting as a point of Initiation of synthesis when placed under conditions in which 
synthesis of a primer extension product complementary to a nucleic acid strand (that is, template) is 
Induced. 

The primer is preferably single stranded for maximum efficiency in amplification, but contain a double 
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2T -F ^ r "—'V complements to »e 

2*2 9 T!f y t0 hybrid,2e with ^respective slaSo tJ^h T" 8 mus * be^fficL«y 

Lrn^ T- by 8 ° NA <" *• ?, d f sir f d I hybridized P^ts and X 

complementary to the target nucleic acid. * m ° St prac,,cal the primer has exart 
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p . ' w "uwwc acia. pinner nas exact 

- « ~ rs; s-rr r rt-TT - «* — « 

Biosearch .8600. Series or 8800 Series WhJo S / n, "es«er (available from Applied BiosvstemS Z 1 
methods for their use. H^o^^S^Sff J" Mm ^*™™ct tcTtd k nL 
restriction endonuclease digests). 9 P ^ ' $ ° ,a,ed from bio,0 9 ical sources are also usefu? (such « 

" ^r-^ 8 ^«^J2^«W n r tideS - «"* •"■»*■ -> from 

of some type for capture of the targeted nucleic acid be 8tt8Ched t0 a "ater-lnsohible substrate 

« thermostable DNA Dolvmera^a" no i«, l, 

those mentioned In detail in US-A-4Qft«; 100 / yf™*™™** nave been reported in the art tn^..* 

. zr h r th0S9 ob,ained <™ -SrlT^S i^iR'SifS!- 

» thermophjlus or Thermus flavus . Other useful Z™2EI „T S ' SUCh as Th9fmus aquaticus. Thermus 

of sources as £££ S ^ttaS * ™ * <™ any of a variety 

30 ITT 8 " d ° thef r8action -«erii S y S Zn s mann8r t0 mak9 " aval,abte 

SV^ SPeCime " 3 8uitaW * manner iaSs oT£ rem ° Vin9 U " Wan,ed protei ™ and celS 

Cloning: A Laboratory M n n,. n , pp71>8S2^ ? T 3 ' 1988,! Man, a w s and others Molecular 

m PV* d ^^ and others in Eur.J.Biochem^S 

» examp,e in EP . A . 0 393 744 " h ™ A p f " m " h .? 9 « components ttwFSSrlrediSbia £ 

8- and others. Bl^echn^. 3 . pp. ^^^T^^' ^ PP ' 57 *>- 5 ™ (S^a d 

-ZrZSZS XXXSTK -* * «* — - the two strand 
separate step afterwards. Denaturing sVeo °° CUr durin 9 the Action proceS «S 1 

o ^bi"ationw,tJ 1 anysuita b .eotheTh%S^ U8i "9 • "eat 

alone to a suitable temperature Is a tJL^I^S^ZS^ T*™ 88 d8SCribed ,n art. Heting 
the specimen suspected of containing the tara7eTJ^ 1 '» generally carried out by hMbS 

98 - cZ 1 ;° h 40 seconds - Prefwabl " ™° ^ZS^S^Ji n T temperature °' fr0m 85 t0 

of frowst ^r^^^ ~- temperature which is generaUy ^ ^ e ranQ 

first and second temperattes^atTeSe^^ ^ * th ' S «»^^? SJX 
of from 5 to 45. preferably from 15 to 4s them fr*"™* herein as AT,) is in the ?1 

~ ~- ~ 

Once the denatured strands are con\**i t rt *k« 
understood, however, that there '^StS a d^nct^'T^ *» C is out. It should be 
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rr -I5rc to (T m + 5)*C. T m is defined herein as the temperature at which one-haH of the target nucleic 
add strands will be hybridized to the primers. The determination of T m can be 

standard procedures, based on ultraviolet hypochromism. for example, by monitoring the spectmm at 260 
nm as described in Biochemistry- The Molecular Basis of Cell Structure and Function. 2nd Edition. 
Lehninger. Worth Publishers. Inc.. 1 970, pp. 876-7. ' 

in most embodiments, the third temperature is in the range of from 55 to 70' C wrth from 62 to 68 C 
beina Preferred It is also desired that the difference between the first and third temperatures (identified 
£2. a?ATfbe in the Snge of from 5 to 35. preferably from 10 to 35. and most preferably from 20 to 30. 
•C ln a preferred embodiment where the cycling is carried out using only two different temperatures, the 
second temperature is the same as the third temperature, and thus AT, is the same as AT 

Once the strands are separated, they are available as templates for forming pnmer extension products 
therevl Normally, the specimen is mixed with the thermostable 

deoxyribonucleotide-5'-triphosphates (dATP. dCTP. dGTP and dTTP) and a su.table set of prime,*. The 
a3 of Lrmostable DNA polymerase used in the practice of this Invention is at least 5 units/100 u. of 
SuSon. Preferably the amount is in the range of from 6 to 20 units/100 ul of solution but greater amounte 
can be used if desired. A -unit" is defined herein as the amount of enzyme activity required to incorporate 
10 nmoles of total nucleotides (dNTP's) into an extending nucleic acid chain in 30 minutes at 74" C. 

The dNTP's and primers are present in amounts effective for DNA polymenzation to occur such 
amounts being known in the art. Representative amounts are shown in the examples belowjn a preferred 

, embodiment, the amount of primer is at least 0.075 umolar with 0.1 to 2 umolar bemg preferred, but mo e 
oeneral amounts are well known in the art. Another measure for the primers .s to have them in considerable 
excess to the denatured strands, for examp.e at least 20:1 molar ratio. It Is understood that where the 
amount of targeted nucleic acid is unknown, the exact ratio of primer to denatured strand canno be known 
with certainty but a skilled worker could make a reasonable estimate of the amount of primer to be used 

s and thus optimize the reaction system accordingly in view of the considerable teaching in the art regarding 

reagerrt amounts.^ ^ ^ referably present> i nc , udi ng salts such as magnesium chloride (generally from 
1 to 10 mmolar). extenders such as gelatin or other water soluble or water dispersible co»o'dMf nera ^ 
from 0001 to 0.05 weight percent). The reaction mixture is generally buffered to a pH of from 7 to 9 with 
,o pH of 8 being preferred using any of a number of suitable buffers known in the art. ™e w ume io Mto 
Reaction mixture including the targeted nucleic acid is not critical, but the smaller the volume Is the aster 
h?a?can beTansferred ?o and away from it. Generally, the volume Is from 50 to 300 ul with smaller or 
laraer volumes also being useful depending upon the equipment and vessel used for the assay. 

TteZgenis for polymerization can be added to the specimen containing targeted nucleic acid at any 
« suitable time, that is. prior to or during denaturation (Step A or D). or prior to. during or after the cooling 
Sp (Step B • Alternatively, the reagents can be added at severa. and various d ^ 
Workers skilled In the art would be able to design an acceptable protocol for reagent addition. It is Important 
tor the mixing to take place quickly so the method is carried out in the shortest possible bme. Thus. . is 
?re W Tha? all Se reagente needed for the entire method be added prior to or during the denaturation 

40 Step A of the method defined herein. . ^ . 

The newly synthesized hybridized product of the template and its complementary nucleic acid formed 
from the primer are used in subsequent steps of the method. They are then denatured by heating them to 
the first temperature of from 85 to 100' C over a period of time of from 5 to 20 seconds, and >^«™fl 
Zt temperature for an additional time of from 1 to 40 seconds (step D). Preferably the denaturation 

« temperTture is from 90 to 98-C. the heating time is from 5 to 10 seconds, and the temperature is 
maintained for an additional 1 to 1 5 seconds. 

A?2 print one cycle of forming and separating one set of duplicate strands of the targeted nucleic 
acid has been completed (steps B through D). Each cycle is 120 seconds or less, and is general^ r.ni fte 
range of from 10 seconds to 120 seconds. Preferably, each cycle is from 20 to 80 seconds with from 30 to 

so 70 seconds being more preferred. The cycle can be completed as often as needed to produce the desired 

auantitv of the targeted nucleic acid. 

For effective amplification, at least 20 cycles of cooling, primer extension and denaturat.cn will be 

carried, with from 20 to 40 cycles being preferred. _w*kk, n«tM 

The method of amplifying described herein is also carried out using at least one (and preferably both) 

55 of the conditions selected from the group consisting ot 

(a) ATi , identified above, is from 5 to 45* C, and 

(b) the concentration of each primer is at least 0.075 umolar. 

If on!y condition (a) is used, the time for each cycle of Steps B through D is at least 60 seconds, and 
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preferably, each cycle Is from 80 to 120 seconds 

M<* to transta X* ?L** P " ssur " «PP»M«m supported C0 " P " S8S 6 ««PPort surface to, 

oligonucleotides can be used^H ?!!, be detected us "»9 apprTprtate Sin S * 9 ra<Slois °Wc or 
Preparing prXs are ™?.,« °/ the primer «**on proW S^"* 0 ". ^ ^ be directiy or 

enzymes include g^cosSu^^ -3 enzlLT 225 **** <See US " A - 
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h*. . ndtacM maw,. Boon on M •mpDM prooact compter ««h •» «**>. «■ •WW* 

the method of this invention. necessary) for it to be 

cirt* that is. ~«*. rift . <^™«« " ^7 ^ A pTef ha. • «** «noln, llgand 
receptor molecule (such as avldln, an antigenic specifically bound product can 

rp^n,l^?rX" a „l» .—a onoonaelao.*, fa ~h a ,ab.,* 
5 probe can be hybridized. « ft0ara ted from undesired materials by using an 

marketed by Pall Corp. Mnarate substrate with suitable containers for carrying out other 

. SJSfS*SS ^ -ESS - " l "* g " w 

^'2^« 1 i. , J."SIE'<« b» Immobilizing a captur. prcb. on a «a. aabsbm aaob a, » 

" EP ™Sg m*- » hcuw » !»«»«. «- !»«*? <" « 'n«««0P. and » no. ™« » b. 

Mino In an, way. ^^^^^0°.^ a. 'DNA tm. Cycla,-, . 

"SS: •» pacK amp,**.,,.™, «« cam* - ^<-*- 

. .. - .„ en A.n ao2 994 Thermocoup ed chambers in chemical test pacKs were »■ 

described in EP-A-0 40Z,9»4. mw ™°^ h , . Dolyes t er (0.01 cm thickness coated with 
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detection of the products was carried out 



-«v« TTtio cameo out 

of the vina; H ' V ' DNA detechon were as follows and were ^^" U0,ts/1 00 ml >- 

SEQ(DN0:1: complementary to the gag region 

» SEQ^ N 1 S GGTCCTTQTCTT ATGTCCAGMTGC-3 1 and 
where^r 10 ^ 00 TATCC <*GTA GGAGAAAT-3' 

"*5SST m ew - - - 

'5 SEQIDN0.3: ementary to strands of 0-globin DNA were- 

SSO^ 770 ^ C ACGTTCACC3. and 

S'-ACACAACTGT GTTCACTAGC-3' 
whereinX is as described above 
20 All primers and probes were 

(SEQ ,0 NO'S)- Ph0r6SiS 5* 

- wherein X is as d^^™ TATAGCCCTA^ 

S'tcSS^^ (SEQ ,0 N0.'6): 

wherein X is as defined above , GCACCTGACT C-3' 6 '' 

twice with 2.(N.morpholinSr e i partic,es '"tfyci buffer Oi If, 1 rat ' 0, 13 Um «™ 
(30 mg) in buffer iJ^KSIS"; T buffer (01 PHaf A sanT, i ? ^ Was was "<* 

ml of 100 mg/ml buffe ) 2d S " (3 ^ me,h ^ in opropyl^thv A JSf I th ° Washed P^les 
mixture ^^^Sj^T*^ ^ (288 ml »S^!* hydrochloride (0.15 
* washed three times wiZZ 0 2"l * T °° m tem P^ature for 15 h^n^lS^T 77,6 res «'«ng 

Into Ml 3 phage usino stenHoTw sequences were either M13/HIV /a i«i *T • 
Integrated'^ T^^E*?"* °' HUT 78 c °™" ° Wat! T ^ " H,V -« 

- ■ A sati buffer LSon £ ^ <* pST* " e,| ' to ' "a *»•*». In , • 

VPhenyl^ole as follows: ^'^-^mg ^Wroxy^;^ „_ 

Sol.d leuco dye (to make a 0 iy «i t- 1 OTOXypnen y'M.5-bis(4-methox- 

A arep la *„ n . noreerM , a , . concentrabon of 1% M 
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Polymerase chain reaction was carried out in 

particles (1 ml. 1% suspension) were d eposted ^XS^ 0 '^ of thrpolymerase chain 

(tincoated. 5 mm LOPRODYNE™ nylon) in the test f^'^^.^^SS'Ctet 5 minutes to 
eaction solution (5 ml) was mixed with the buffer Thybidize the amplified 

denature the nucleic acids. The solution was ^^^^J^^^Zi wells of the devices were 
target nucleic acid to the immobilized probe on the ^^^^ % mhimK solution at 55'C. A 
washed with a solution (250 ml) compnsmg sod ^ j^^^" * J " of conjugate) was added at 
buffered solution containing the streptavidm «^ <2SnT!5 two minutes the test wells were 

=s»5 ^^^Ssss read,n9S were obte,ned from 

regions I the membrane surrounding ^^^^^^^^ «H— target nucleic 

Gel electrophoresis was carried out by ^^Xdium bromide (4 ml. 10 mg/ml). The 

acid. (6 ml) to agarose gefc (4« ^ whfch ha bee Telectrophoresls buffer (600 ml) containing 
gels were electrophoresed *™"f* cm * r a ^™e ^ rwlvdroxymethyOaminomethane. borate and 
ethldium bromide (24 ml). The buffer was ^a rt™ '^J^ „,„,««, and the 

ethy.enediaminetetraacetic acid. The resul m I N J* -re compared to ^ ^ ^ 

product band ^7-^^^ Tweakest signal and (♦ ♦ ♦> being the strongest 



(-, w = , w, w + , 
25 signal. 



Examples 1-2 Amplification Comparisons 

4.965,188. amrjlification was done in microfuge tubes. Control A 

Three Control methods were carried out so that ™P™ ca *° n wa ^ 

5£^lS h JSirri-«d to and held at 70*C for a period of about 80 seconds to totm primer 

«me ol about 60 seconds, and rruintalnlng that tempore tor about 30 second.. 
Zt'SEtt 0 3E&lZZ« - cried out In SU BE C E U~ disposable 

^ssra^arr'JS to^r^-u, . — - - 

^-^n!l™ m rhea»d to and ho,d * «rC to, a period rf about 30 seconds to torm primer 

ZXtSZZ* hybrid** .»**, ««• * W8m " ,M ™" > "" n ""' 

that temperature for about 1 5 seconds. 

tS^^SEE 2T2Sl?Sr ulna ft. ,o,to*a atop, and an .n,pa«ca««. ccto time 

(steps B-D) of about 130 seconds: 
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Step C: The reactton mK^^J^/^-^-^w..^ 

extension products. 9 0 at 65 C for a Period of about 15 second, m r« 

Step D: The resulting i, t -w, seconds to form primer 

abo^e. " teCt, ° n ° f ** am P ,,fied ^et H.V-. DNA was carried out in »■ ' "i 

^ss?.-* 

Step C: about 1 second. 



■ — — ' *econa. 
Sm D p,f ^2 SSTSr - ,; S8COnd 31 - '-perature. 

5>iep c: about 40 seconds atfift»r c/ « 

C - S *P 0: about 9 seconds heating to 94-c. and maintaining the 
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TABLE 



Method 
Control A 



Cycle 
Time (sec; 
360 



w 



16 



Copies 
500 
200 
100 

50 

25 

10 
0 



py* Signal > 

Assay Background 

8.5 2.5 

7.0 1.8 

5.5 1.5 

5.5 4.0 

3.5 2.0 

2.8 2.0 

2.0 0.5 



Control B 240 



so 



25 



500 
200 
100 
50 
25 
10 
0 



8.5 
7.5 
4.0 
5.0 
3.5 
2.0 
1.0 



2.0 

1.3 

1.8 

4.0 

2.0 

1.8 

0.8 



30 



Control C 130 



as 



40 



45 



Example 1 100 



50 



500 

200 

100 
50 
25 
10 
0 

500 
200 
100 
50 
25 
10 
0 



8.5 

7.8 

5.8 

4.5 

3.0 

2.0 

0.5 

8.5 

7.3 

6.0 

5.0 

3.0 

1.8 

2.5 



1.0 
0.5 
0.3 

0 

0 

0 

0 

0 
0.5 
0.5 
1.5 

0 

0 
1.0 



66 
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Example 2 59 



to 



500 


8.5 


200 


7.0 


100 


6.5 


50 


5.0 


25 


3.3 


10 


1.5 


0 


0.5 



0 
0 

0.8 
0 
0 
0 
0 



amplification cycle time can bs , ? ™ C « 0n vo,u ™- Examples S 1 f ° *• numbe ' <" targeted 
diminished. The oJS Z^£jl ^ ^ WTiS S°Sf ** 8 f * Ster 
exh,brt higher backgrounds '° n9 * r <* c '° times to obtain Z^ JS 0 ™ >S s '9ni«cantly 

se s, 9 na,s - and. in many cases, 

electrophoresis. A P«i£l?Z.* u ** c °#ure probes Vi»£2r*? ,, ! n Were ca ""* out and 
Control method, whereas^! . thero «>cycter (labeled as "DNw t? test devices or by gel 

» m .z rr ~ *— - i «= - «s. , =L*! 

* The method of this invention ,«= ( ps 8 tnrou 9 n D) were 

^»^-f=5?-2 2 rear.--!;,- - . ~ 



45 



60 



55 
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TABLE II 



TO 



T6 



20 



RESULTS 



Method 


Cycle Time (Sec) 


5x10~ s 


Molar 


1 x 10 16 Molar J 






Gel' \ 


Probe" 


Gel" I Probe" J 


Control 
Example 3 


360 

67 
57 
49 


+ + I 

+ + 
+ + 
+ + 


9.0 

fcL7 
8.7 
8.7 


7.0 r ~1 
+ J 6.5 | 


Example 4 


50 
40 
30 
22.5 


+ + 
+ + 
+ + 
+ 


8.7 
7.8 
8.8 
7.8 


+ 7.3 
+ 7.0 
+ 7.0 



•Detection using gel electropnoresis 

-Detection in SureCell™ test device us.ng capture probe. 



Example 5: Comparison Assays Using Test Packs 

™. compart exampie * sir^ar » ^J^TO'So'S 

25 polymerase chain ^ .njsst <^S?£ff£?* ! mo,ar) and HUT 78 cel, line DNA 
S°0otopie e s/mi). Thirty cycles of ampliflcat ion were carried out for ^ 8lep ^ 

(5 ° The Control method « T^^^TSL out at several temperatures (first 

SSl^Kt KZ?- ^Sl- ~ re 18 for Steps B and C) shown ,n 

Table III below. 



30 



35 



AO 



45 



50 



55 
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10 



is 



M 
M 
H 



eg 
< 



20 



25 



30 



CD 



^ ^' vo' vo' rs,' og" ° ° 



CO 
•H 
CO 
0) 

J* 
o 

a 
o 

O 
CD 

0) 



J i i + + 
i + + + * * 



3S 



CD 
Cn 

D> 

c 

. *w 

CO 
D 

C 
O 

•H 
Jj 

O 

CD 
±J 
CD 

Q 
* 



CD 

u 

> 
CD 
*D 

i-> 
CO 

si 
; f 

kl 

a 

o 

o> 
c 

•H 
CO 
3 



0> 

o 
cd 



05 



O 
CD 

CD 

a 



c 
- o 

C *w 
O co 
c 

ij X 



(0 

c 



CD 

£ 

kl 
a 



o 

C 

CO in 

kr -h 
D -I 
JJ (0 
<D CD 

^* C 
CP c 

CD U 
CO t3 

^ c 

• H O 
CD 

> w 

w CD 
jC 



40 



55 



5 . The re ^'te are shown in Table m • 

— -Mb*, c*. SrTO8 K 4-2,- MM « M , ^ can be carried out 

exanpte i, ^ „ < ."WPo^rwraje 

K xaa SpCr r?^- — ~ 
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10 



15 



20 



402 994 was used with the chemical test packs. Tab.e .V below indicates the levels o« thermostat,* DNA 

^^Control assays carried out in tu^ were ^^^^^X^ 
Examples 1-2. except that Steps A and D were performed at 94 OWso .n me ^ ^ 

Sough D were repeated 35 «mes (Step E) . , ^£^£^?2££b» B Quired 30 
get to the desired temperature which was then ^ntained ^anotn ^ ^ ^ 

seconds and Step C required 30 J^^^^l^bS ^ « - *• thermccycier equipment 
seconds per cycle with heating and cooling temperatures De.ng 

could perform. . thrn ..„v, n «/«rB carried out as described in Example 2 

,n the assays of the present invent.cn. Ste D were earned out ■ ^ ^ 

with Steps B through D being repeated 35 times ■ A a "° u J ~ or ^ additional 3 seconds, 
required about 11 seconds to reach the temperature £ c for primer extension 

Step B required about 11 seconds to coo. the reaction m-^ to 65 a Step C fo p ^ 
proSuct formation was carried out at the same ^^ T J^^Z L^ <* DNA P° ,ym9raSe 

r i^s^ss sssm: s — — • - - cyc,e m ° was 

using either capture probes taTSEd acceptable detection of amplified 

described above. Moreover, assays using fast eye m ^.^^6 unLlOO £. The faster cycle times at 
nroducts onlv at DMA polymerase concentrations greater than o units/ iw » 
ZTmC^ss. concentrations provided unacceptable results. 



25 



30 



35 



40 



Assay 



lnvention(test packs) 
lnvention(test packs) 
Control (test packs) 
Control (test packs) 
Control (test packs) 
Control (test packs) 
Control (tubes) 
Control (tubes) 
Control (tubes) 
Control (tubes) 
Control (tubes) 
Control (tubes) 



TABLE IV 




DNA Polymerase 


Dye Signal 


(Units/100 ul) 




8 


8.8 


6 


8.3 


4 


1.0 


2 


3.3 


1 


0.5 


0.5 


0 


8 


7.5 


6 


7.0 


4 


8.3 


2 


8.3 


1 


8.0 


0.5 


8.0 



Electrophoresis 
Result 



+ 
+ 



+ 
+ 
+ 
+ 
+ 
+ 



45 



50 



55 



rir _ r ,- rv^enn of Amplification Method ■ ■««, Different Primer levels 

. o ati assavs were carried out In chemical test packs. 

This example is similar to Example 6 except M« «J«^ ^ A a concentration of 5000 
The targeted nucleic add was HIV-I DNA from the HUT ctHJnj and was p & ^ ^ ^ 

Cyd T S he 0, S^n protoco, for the Contro, = reaped ^iT^T^C S S 
conditions were the same as in Sample *~^J^££^£ 1 second. Step B required 

time was 38.5 seconds. Steps A and D each, J^^iT??^ -»ut 9 —nds and Step C 
ST^^^aSl^ B^gh D were repeated 29 time, 
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Table V 



rs 



20 



25 




30 



35 



40 



45 



This example is similar to Ex ~ " ~ 

(HUT ce„ line p'esem lisS^T 85 described a ^e aT^ e o^sL^ ^ DNA '™ 

Primer, eve. of ? SSL? °° was *'*> ^^J^ST?** DNA 

In the assays Steps A and D aSS8y5 usin 9 a 

Welds acceptable signal * 6^ ^V 8 '" 9 ta^TSE ^ CyC ' 9 « *** 

within the practice nf ?„ 8C0nd cyc,e time s but not for 4oVl~? I 9 P " mer ,evel of 0.1 umolar 

Parameters o, the Invent to obtain ^Z^^Z,^ 



50 



55 
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Table VI 



Cycle Time (seconds) I Primer Concentration (umolar) 



30.5 


1.0 


30.5 


0.5 


30.5 


0.1 


30.5 


0.05 


40.5 


1.0 


40.5 


0.5 


40.5 


0.1 


40.5 


0.05 


60.5 


1.0 


60.5 


0.5 


60.5 


0.1 


60.5 


0.05 


140.5 


1.0 


140.5 


0.5 


140.5 


0.1 


140.5 


0.05 



Results 



Dye Signal 

9.5 
7.0 
0 
0 
10 
10 
0 
0 
10 
9 

6.3 
0.5 
10 
10 
9.8 
9.5 



Electrophoresis 



+ + 
w + 



+ + + 
+ + 



+ + + 
+ + 
+ 

+ + + 
+ + + 

+ + 
+ + 
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(1) 



INFORMATION FOR SEQ ID NO:l : 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) MOLECULE TYPE: Oligonucleotide useful 
Prxmer for the ^ region of ^ ™ 
(Hi HYPOTHETICAL: No 
(xv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically p reDared 
(vix IMMEDIATE SOURCE: Synthetical! 
(X) PLICATION INFORMATION^ None 
Cxx) SEQUENCE DESCRIPTION: SEQ ID NO* 1 • 
TTTGGTCCTT GTCTTATGTC . CAGAATGC ' 

2) INFORMATION FOR SEQ ID NO: 2- 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 28 nucleotides 
<B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE. m,-. 

type. Olxgonucleotide useful 
as primer for the region of H 
(Hi HYPOTHETICAL: No 
(iv) ANTI -SENSE: No 

(vi) ORIGINAL SOURCE: Synthetic i 

(vii ) IMMEDIATE SOURCE • ^th' ^ 
<*> PUBLICATION INFORMATION^ None 
(XX) SEQUENCE DESCRIPTION: SEQ ID NO-2- 

ATAATCCACC TATCCCAGTA GGAGAAAT " 
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INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful 
as primer for 0-globin DNA 

(iii) HYPOTHETICAL: No 

(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 
(vii IMMEDIATE SOURCE: Synthetically prepared 

(x) PUBLICATION INFORMATION: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

CAACTTCATC CACGTTCACC 

INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful 
as primer for p-globin DNA 

(iii) HYPOTHETICAL: No 

(iv) ANTI- SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 

(vii) IMMEDIATE SOURCE: Synthetically prepared 

(x) PUBLICATION INFORMATION: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

ACACAACTGT GTTCACTAGC 
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(5) INFORMATION FOR SEQ Id NO: 5: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 41 nucleotides ■ - ' 

(B) TYPE: Nucleic acid 
<C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful as 
capture probe for a sequence of hiv-i DNA 
flag region ' 
15 ( i i i ) HYPOTHETICAL : No 

(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 
( va. l ) IMMEDIATE SOURCE: Synthetically prepared 
(*> PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO'S- 
ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C 

(6) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS * 

(A) LENGTH: 31 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 
* (D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful 
as capture probe for a sequence of 
p-globin dna 

(iii HYPOTHETICAL: No 
(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 
(vil 2HMEDIATE SOURCE: Synthetically prepaid 
(X) PUBLICATION INFORMATION: None 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO-S- 
CCTCAAACAG ACACCATGGT GCACCTGACt' C 

Clafms 



BO 
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seconds. 

C. in the presence of . 

1) a thermostable DNA polymerase present in an amount of at least 5 units/100 ul of solution. 

2) deoxyribonucleotide-S'-triphosphates present in amounts effective for DNA polymerization, and 

3) a set of primers specific for the denatured strands, the primers being present in amounts 
effective for DNA polymerization, 

forming hybridized primer extension products of the primers and denatured strands by incubat- 
ing the denatured strands at a third temperature for from 1 to 80 seconds, 

the third temperature being in the range of from (T m -15)-C to (T m + 5)'C wherein T m is the 
melting temperature of the denatured strands and the primers, and the difference (AT) between the 
first and third temperatures being from 5 to 35 • C. 

D heating the hybridized primer extension products to the first temperature over a penod of time of 
from 5 to 20 seconds and keeping the products at the temperature for from 1 to 40 seconds, and 

E. repeating steps B through D sequentially as a cycle at least once wherein each cycle of steps B 
through D is carried out within up to 120 seconds, 

steps A through E further being carried out using at least one of the conditions selected from the 

group consisting of: 

(a) the difference (AT,) between the first and second temperatures being from 5 to 45 C, and 

(b) the concentration of each of the primers being at least 0.075 umolar, 

provided that when Steps A through E are carried out using only condition (a), the time for each 
cycle of Steps B through D Is at least 60 seconds. 

. The method as claimed in claim 1 further comprising the additional step: 

F. detecting at least one denatured strand of the amplified nucleic acid. 

3. The method as claimed in claim 2 wherein one of the primers is biotinylated, and the detection in step 
F is carried out by capturing the resulting amplified biotinylated strand using avidin which is attached to 
a solid substrate, and detecting the captured strand directly or indirectly with a labeled probe. 

4 The method as claimed in claim 2 wherein one of the primers is biotinylated. and detection In step F is 
carried out by capturing the resulting amplified biotinylated strand using an insolubilized oligonucleotide 
complementary thereto, and complexing the biotinylated strand with detectably labeled avidin. 

5. The method as claimed in any of claims 1 to 4 for the amplification of viral or bacterial DNA. 

6. The method as claimed in any of Claims 1 to 5 wherein heating step A is carried out at a temperature 
of from 90 to 98* C for from 1 to 20 seconds. 

7. The method as claimed in any of claims 1 to 6 wherein step D is carried out at a temperature of from 
90 to 98* C, and the time for heating to the temperature is from 5 to 10 seconds, and the time of 
maintaining the temperature is from 1 to 15 seconds. 

a The method as claimed in any of claims 1 to 7 wherein second temperature is from 55 to 70* C. and 
step B is carried out for a time of from 5 to 15 seconds. 

9. The method as claimed in any of claims 1 to 8 wherein the third temperature is from 55 to 70* C. and 
step C is carried out for from 1 to 40 seconds. 

10. The method as claimed in any of claims 1 to 9 wherein the second and third temperatures are the 
same. 

11. The method as claimed in any of claims 1 to 10 wherein each cycle of steps B through D is carried out 
within from 20 to 90 seconds. 

12. The method as claimed in any of claims 1 to 11 wherein the thermostable DNA polymerase is present 
at concentration of from 6 to 20 units/100 ul of solution. 

13. The method as claimed in any of claims 1 to 12 wherein AT Is from 20 to 35 # C. 
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14. The method as claimed in any of claims 1 to 13 wherein AT, is from 15 to 45 «C. 

15 " HZS?" " daimed * C ' aimS 1 10 14 Wh9rein the °< e-h pnmer is from.0.1 to 

16. The method as Caimed in any of Cairns 1 to 15 which is carried out using both of the conditions (a) 
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